Influenza A viruses continue to cause widespread morbidity and mortality. There is an added concern that the highly pathogenic H5N1 influenza A viruses, currently found throughout many parts of the world, represent a serious public health threat and may result in a pandemic. Intervention strategies to halt an influenza epidemic or pandemic are a high priority, with an emphasis on vaccines and antiviral drugs. In these studies, we demonstrate that a 20-amino-acid peptide (EB, for entry blocker) derived from the signal sequence of fibroblast growth factor 4 exhibits broad-spectrum antiviral activity against influenza viruses including the H5N1 subtype in vitro. The EB peptide was protective in vivo, even when administered postinfection. Mechanistically, the EB peptide inhibits the attachment to the cellular receptor, preventing infection. Further studies demonstrated that the EB peptide specifically binds to the viral hemagglutinin protein. This novel peptide has potential value as a reagent to study virus attachment and as a future therapeutic.
Influenza A viruses are a major cause of morbidity and mortality in the United States. It has been estimated that influenza A viruses are associated with approximately 31,000 deaths in the United States annually (30) . Although annual vaccination is the primary strategy for preventing infections, influenza antiviral drugs play an important role in a comprehensive approach to controlling illness and transmission (12) .
Two classes of antiviral drugs, the adamantane derivatives (amantadine and rimantadine) and neuraminidase inhibitors (NAIs; zanamivir and oseltamivir), have been approved for treatment and prophylaxis of influenza (24) . For maximum benefits, the drugs must be administered within 48 h of symptom onset. The adamantanes bind to and block the function of the influenza A virus M2 ion channel protein, preventing virus replication within the infected cell (34) . Resistance to adamantanes can emerge during treatment by a single point mutation in an M2 residue at position 26, 27, 30, 31, or 34 (2, 11) . These resistant viruses are typically fully pathogenic and transmissible (12) . The rate of adamantane resistance in the United States has increased significantly from below 2% from 1995 to 2002 to an alarming 92.3% in the initial months of the 2005 to 2006 influenza seasons (4) .
The NAIs block the enzymatic activity of the viral neuraminidase (NA), preventing viral exit from the infected cell. Influenza viruses with low susceptibility to the NAIs have been isolated in vitro and in vivo. Resistance involves either a mutation in the active site of the NA, altering its sensitivity to inhibition, or a mutation in the hemagglutinin (HA) (24) . Mutations in HA that confer drug resistance decrease the affinity of the protein for the cellular receptor, thus enabling virus to escape from infected cells without the need for viral NA. To date, few viruses with altered susceptibility to NAIs have been recovered from patients (24, 35) . This may be because NAIresistant variants often show impaired growth in cell culture and reduced infectivity and transmissibility in animal infections. However, several recent influenza isolates from patients with H5N1 influenza infection have demonstrated resistance to both classes of antiviral drugs (8, 17, 26) . The increasing appearance of resistant strains of influenza virus highlights our need to identify new antiviral drugs.
Novel peptides have been identified that can deliver covalently linked moieties into cells (1, 7, 10, 20) . Surprisingly, several of these cell-penetrating peptides demonstrated antiviral activity against herpes simplex virus type 1 (HSV-1) by inhibiting entry, inactivating virions, and inducing cell resistance to infection depending on the peptide concentration (5, 6; C. Brandt et al., unpublished data). In an effort to identify new antiviral therapies effective against influenza viruses, we tested a panel of cell-penetrating peptides for anti-influenza activity. In these studies we show that a peptide denoted EB (entry blocker), derived from the fibroblast growth factor 4 (FGF-4) signal sequence, displayed significant broad-spectrum antiviral activity against influenza viruses both in vitro and in vivo. The peptide functions by preventing attachment to host cells, potentially through an interaction with the HA protein. (27) . MDCK cells were cultured in modified Eagle's medium (MEM; CellGro, Herndon, VA) supplemented with 4.5 g of glucose per liter, 2 mM glutamine, and 10% fetal bovine serum (Harlan, Madison, WI) at 37°C in 5% CO 2 .
MATERIALS AND METHODS

Viruses
Virus concentration and fluorescent labeling. Allantoic fluid was centrifuged at 3,000 ϫ g for 20 min at 4°C, and the resulting supernatant was subjected to ultracentrifugation in a Beckman SW-28 rotor at 19,000 rpm for 2 h at 15°C. The viral pellet was resuspended in 1 ml of cold phosphate-buffered saline (PBS) and labeled with fluorescein isothiocyanate (FITC) using an EZ-Label FITC protein labeling kit (Pierce, Rockford, IL) according to the manufacturer's instructions. To confirm that the FITC-labeled virus remained infectious, TCID 50 analysis was performed as described above.
Laboratory facility. All experiments with H5N1 and H2N2 viruses were performed in a biosafety level 3ϩ containment laboratory approved for such use by the U.S. Department of Agriculture and the Centers for Disease Control and Prevention. Investigators were required to wear appropriate respirator equipment (RACAL; Health and Safety Inc., Frederick, MD). Mice were housed in HEPA-filtered negative pressure cages (M.I.C.E. racks; Animal Care Systems, Littleton, CO).
Peptides. Peptide synthesis and analysis were performed at the University of Wisconsin-Madison Biotechnology Center as previously described (5, 6) . The TAT series included TAT-C, derived from the protein transduction domain of the human immunodeficiency virus (HIV) Tat protein with an additional Cterminal cysteine and with a sequence-altered control peptide containing two norleucine substitutions at residues 50 and 51 ( n50,51 TAT-C) (Table 1) (5, 6, 18) . The EB series included EB, composed of the FGF-4 signal sequence with a positively charged amino terminal sequence added to increase solubility, EB-D prepared with D-amino acids (to inhibit degradation by host proteases), and a sequence-scrambled control EBX (5, 6, 33 Immunofluorescence assay. MDCK cells seeded at a density of 5 ϫ 10 4 on glass coverslips were inoculated with medium alone, HK/483 (MOI of 0.5), or peptide-treated (0 to 30 M) virus for 1 h on ice and then washed with cold PBS to remove unbound virus. For entry-based assays, untreated virus was allowed to attach on ice for 1 h, followed by washing and addition of medium containing peptide (0 to 30 M). Cells were shifted to 37°C for 6 h, fixed with 1% paraformaldehyde, and stained for nucleoprotein (ATCC clone HB-65; Manassas, VA) and DNA (4Ј,6Ј-diamidino-2-phenylindole [DAPI], 1:1000; Sigma). Secondary antibody was anti-mouse Alexa 594 (Molecular Probes, Eugene, OR) diluted 1:200 in PBS containing 0.1% Tween-20 and 1% BSA for 1 h at room temperature. Coverslips were mounted in ProLong Gold (Molecular Probes), and fluorescence was examined on a Zeiss Axiovert 100TV microscope at a total magnification of ϫ100. Three randomly selected fields of 100 cells each per experimental group were counted on the DAPI setting, and the number of nucleoprotein (NP)-positive cells within this group was determined. Data are representative of at least three independent experiments.
Hemagglutination inhibition assays. The hemagglutination inhibition assay was employed to evaluate the effects of the peptides on viral adsorption to target cells. Peptides (0 to 30 M) in serial twofold dilutions in PBS were mixed with a standardized HA concentration of influenza virus and incubated for 1 h at 37°C, and 50 l of the solution was mixed with an equal volume of a 0.5% chicken red blood cell suspension for 30 min at room temperature. Results are represented as percentages of the virus-alone sample (100% agglutination).
Flow cytometry. MDCK cells in suspension (2 ϫ 10 5 ) were incubated with MEM alone (mock) or FITC-labeled peptide-treated Tk/Ont (32 HA units; 3 ϫ 10 4 TCID 50 ) for 45 min on ice. Following extensive washing, cells were fixed with 4% paraformaldehyde, and binding was determined by flow cytometric analysis on an LSR-II benchtop flow cytometer (BD Biosciences, Franklin Labs, NJ). Single cell populations of mock-infected cells were gated based upon forward and side scatter characteristics, and 5,000 events from each experimental group were recorded. Experiments on all samples were performed in quadruplicate.
HA binding assay. HA binding assays were performed as previously described with slight modifications (15, 19) . Briefly, microtiter wells were coated with increasing concentrations of peptide (0 to 75 M) and washed with PBS containing 0.1% Tween-20, and nonspecific binding sites were blocked with 2% Fraction V BSA (Fisher Scientific) in PBS-0.1% Tween-20. Purified recombinant Hong Kong/1203 HA (rHA; Protein Sciences, Meriden, CT) was added to each well at a concentration of 0.01 g, incubated for 2 h at room temperature, and washed extensively. Peptide-bound rHA was detected by incubation with anti-HAV5 goat serum (National Institute of Allergy and Infectious Diseases, Bethesda, MD) and donkey anti-goat immunoglobulin G (1:2,000; Southern Biotech, Birmingham, AL), followed by quantification using tetramethylbenzidine (R&D Systems). Absorbance was measured at 405 nm (A 405 nm ) with an A 605 correction on a SpectraMax 250 Spectraphotometer (Molecular Devices). Specific binding was determined by calculating the relative change (n-fold) of rHA binding over wells precoated with BSA (2%). To test competition, 0.1 g/ml rHA was combined with 10 M peptide and added to 10 M EB-coated wells (1:1 molar competition concentration). Data are presented as the mean value Ϯ standard error of A 405 nm /A 605 nm (n ϭ 3).
Animals. Four-to six-week-old BALB/c mice (Charles River Laboratories, Stoneridge, NY) were lightly anesthetized by halothane inhalation and intranasally inoculated with 25 l of PBS (control), untreated HK/156 (10 4 TCID 50 ), or EB-treated (2 mM) HK/156 virus. To evaluate the therapeutic use of EB, additional groups of infected mice were anesthetized and administered 2 mM EB-D or rimantadine hydrochloride (40 mg/kg; Sigma) (32) intranasally 6 hpi, with readministration daily for 5 days. Animals were scored for clinical signs of infection (0, no visible signs of illness; 1, ruffled coat, hunched posture; 2, slowed movement, shivering; 3, labored breathing, anorexia, little to no movement; or 4, paralysis, moribund [23] ), and individual body weights were recorded for each group (10 mice per group) on 0 to 11 days postinfection (dpi). At days 2 and 4 postinfection, two mice from the control group and three mice from each experimental group were euthanized, and the lungs were collected. The tissues were weighed and homogenized in 1 ml of cold PBS and stored at Ϫ70°C until use. Titers were evaluated by serial titration on MDCK cells. The peptides alone exhibited no toxicity in vivo as measured by clinical signs and weight loss (data not shown).
Statistical analysis. All data were determined in triplicate and are representative of at least three separate experiments. The results represent the means Ϯ standard deviations of triplicate determinations. Statistical significance of the data was determined by using analysis of variance or a Student's t test. 
EB inhibits influenza virus-induced cell death and replication in vitro.
Cytotoxicity studies demonstrated that the EB and TAT peptide series did not induce significant cytotoxicity in MDCK cells until concentrations exceeded 50 M in medium containing 1% BSA (data not shown). Thus, subsequent in vitro studies were performed with peptide concentrations ranging from 0 to 30 M.
Peptides were evaluated for the ability to inhibit viral-induced cell death using a cytotoxicity assay. Briefly, MDCK cells were mock inoculated (medium alone) or inoculated with peptide-treated (0 to 30 M) HK/483 (MOI of 0.05) virus, and cell death was evaluated at 48 hpi. In the absence of peptide, HK/483 induced significant death and was scored as 100%. All other samples were normalized to this value. Pretreatment with EB decreased HK/483-induced cell death in a dose-dependent manner (Fig. 1A) . Complete inhibition occurred at concentrations greater than 10 M. Based on dose-response curves, the IC 50 for EB was approximately 4.5 M. In contrast, EBX (scrambled control peptide) and the TAT series peptides had no effect on viral-induced cell death (Fig. 1A) . To confirm that EB inhibited viral replication, MDCK cells were infected with peptide-treated (0 to 30 M) HK/483 (MOI of 0.05), cellular supernatants were collected at 72 hpi, and viral titers were determined by TCID 50 assay (Fig. 1B) . The EB peptide inhibited HK/483 replication in a dose-dependent manner with an estimated IC 50 of 4.5 M. Again, EBX and the TAT series peptides had no effect on viral titers, indicating that the antiviral effect was specific to the EB peptide (Fig. 1B and data not  shown) . These results were not limited to H5N1 viruses. EB also inhibited H5N9 and H1N1 strains (data not shown), indicating that EB was a broad-spectrum inhibitor of influenza virus replication.
Efficacy in vivo.
To evaluate the efficacy of EB in vivo, BALB/c mice were lightly anesthetized and inoculated intranasally with PBS (control), untreated HK/156 virus (10 4 TCID 50 units), or EB (2 mM)-treated HK/156 virus and monitored daily for morbidity. Mice administered EB alone exhibited no toxicity as monitored by weight loss and clinical signs of illness (data not shown). All HK/156-infected mice exhibited a clinical score of 3 by 5 dpi, and all mice either succumbed to infection or were euthanized by 7 dpi (Fig. 2A) . Pretreatment of HK/156 with 2 mM EB resulted in 100% survival with all mice retaining a clinical score of 0 throughout the experiment (Fig. 2A) . These studies demonstrated that pretreatment with EB protected mice from lethal H5N1 infection.
To evaluate the therapeutic use of EB, BALB/c mice were intranasally administered 2 mM EB-d or rimantadine (40 mg/kg [31] ) 6 hpi infection with HK/156 and then monitored daily for 5 dpi. There was a significant delay in mortality and clinical signs in EB-D-and rimantadine-treated groups ( Fig.  2A) . There was 0% survival by 7 dpi in HK/156-infected mice with a clinical score of 4. In contrast, the EB-d posttreatment group had 100% survival and a clinical score of 2 at 7 dpi. Survival and clinical signs decreased beginning at day 8 postinfection, with 0% survival observed by day 11 postinfection. A similar trend was observed with rimantadine treatment. This begs the question whether continued administration would result in complete protection, and such studies are under way.
On days 2 and 4 postinfection, lungs were isolated and homogenized, and titers were determined on MDCK cells by TCID 50 analysis. No virus was isolated from the lungs of mockinoculated mice (data not shown). Viral titers were significantly lower in the EB pretreated group by day 2 postinfection (Fig. 2B) . However, the rimantadine-and EB-D-treated groups did not have a significant decrease in viral titers at 2 dpi and were only slightly decreased at 4 dpi compared to untreated virus (Fig. 2B) . Although the EB-treated group did not have a statistically significant decrease, individual mice within the group did have decreased viral titers. EB also protected mice infected with HK/483 and PR/8, suggesting that EB provides broad-spectrum protection in vivo (data not shown).
EB blocks early protein expression. To determine if EB inhibited an early or late stage of viral replication, NP expression was monitored by immunofluorescence microscopy. Briefly, untreated or peptide-treated (0 to 30 M) HK/483 virus (MOI of 0.5) was allowed to bind to MDCK cells for 1 h at 4°C to synchronize infection. Unbound virus was removed by washing, the temperature was shifted to 37°C to allow internalization, and the cells were stained for NP expression at 6 hpi. More than 24% of cells inoculated with untreated virus or EBX-treated virus were NP positive at 6 hpi (Fig. 3A, frame b) compared to mock-inoculated controls (Fig. 3A, frame a) . Pretreatment of HK/483 with EB, but not EBX, resulted in a dose-dependent decrease in NP expression. At 10 M, less than 6% of the cells were NP positive, with less than 2% of cells NP positive at 30 M (Fig. 3A , frames c and d, and data not shown). Based on dose-response curves, an IC 50 of ϳ7 M was determined. This is similar to the IC 50 value obtained for inhibiting viral replication (Fig. 1A) .
To further define the antiviral activity, we asked if the EB peptide simply inactivated the virus. To test this, H/483 virus (10 5.8 TCID 50 units) was incubated with increasing concentrations of EB or EBX (0 to 30 M) for 1 h, followed by dialysis to remove the peptide. The titer of the resulting virus was determined on MDCK cells. Similar titers were obtained with untreated and peptide-treated virus, suggesting that EB did not inactivate virus in solution (Fig. 3B) . Further, pretreatment of cells with EB failed to inhibit influenza infection, suggesting that the antiviral effects were independent of any effects on the cell (data not shown).
To investigate the effects on viral entry, MDCK cells were incubated with medium alone or inoculated with HK/483 virus (MOI of 0.5) at 4°C to allow virus attachment to cells but not entry. After 1 h, cells were washed extensively and then incubated with peptide (0 to 30 M) for 15 min at 4°C, followed by incubation at 37°C for 6 h. The cells were stained for NP expression and examined by immunofluorescence microscopy. Both EB and EBX had no effect on viral entry when added postattachment at concentrations below 10 M (Fig. 3A , frames e and f, respectively). These assays suggest that EB inhibits early viral replication independent of whether virus is inactivated or virus entry is prevented. EB inhibits viral replication by preventing attachment to cells. Two independent assays, agglutination of blood cells and flow cytometry, were used to test the hypothesis that EB inhibited viral attachment. Initially, the inhibition of viral-induced agglutination of chicken red blood cells (cRBCs) by the EB peptide was monitored. Twofold dilutions of untreated or peptide-treated (0 to 30 M) HK/483 virus were incubated with cRBCs, and agglutination was measured. The EB peptide inhibited HK/483 cRBC agglutination in a dose-dependent manner at concentrations greater than 3 M, with an estimated IC 50 of 8 M (Fig. 4A) . In contrast, EBX had no effect on agglutination. These results were not restricted to HK/483. As shown in Table 2 , the incubation of representative human, swine, and avian influenza A H1N1, H2N2, H3N2, H5N1, H5N9, H7N3 strains and influenza B viruses with EB inhibited cRBC agglutination, with IC 50 values ranging from 3 to 20 M (Table 2 ). These studies confirmed the broad-spectrum activity of EB.
To directly demonstrate that EB inhibited viral attachment to cells, MDCK cells were incubated with 32 HA units of untreated FITC-labeled Tk/Ont or peptide-treated (0 to 30 M) FITC-labeled virus for 45 min on ice. Following extensive washing and fixation, single-cell populations were gated by forward and side scatter, and 5,000 events from each experimental group were recorded by flow cytometry. At the viral concentration used, more than 99% of cells inoculated in the absence of peptide displayed surface attachment of fluorescently labeled virus, displaying a binding peak compared to the fluorescence intensity from noninfected cells (Fig. 4B) . Treatment with EBX had no effect on viral attachment to cells or the binding peak compared to virus alone (Fig. 4B) . Similar results were obtained with virus treated with 1 and 3 M EB. In contrast, there was a statistically significant (P Ͻ 0.001) shift in virus attachment from 99% to 64.5% in the presence of 10 M EB. Attachment was further reduced to 46.5% when virus was treated with 30 M EB (Fig. 4B) . Viral attachment was completely inhibited by 30 M EB when fewer viral particles were used (data not shown). As controls, MDCK cells were incubated with 30 M EB or EBX and demonstrated minimal background fluorescence (data not shown). Based on the agglutination and flow cytometry data, we propose that the antiviral activity of EB is due to inhibition of viral attachment to cells.
EB interacts with HA. Based on the ability of EB to inhibit viral attachment, we hypothesized that the peptide interacted with either NA or HA since changes to either surface glycoprotein can alter fitness of the virus (22) . To determine if EB inhibited NA enzymatic activity, untreated or peptide-treated Tk/Ont was tested for enzymatic activity by MUNANA [2Ј-(4-methylumbelliferyl)-␣-D-N-acetylneuraminic acid]. Untreated and peptide-treated Tk/Ont had similar enzymatic activity, suggesting that EB peptide had no effect on NA activity (data not shown).
To determine if EB interacted directly with HA, binding assays were performed with baculovirus-derived rHA (Vietnam/1203). Briefly, wells were coated with EB, EBX, TAT (0 to 75 M), or BSA; they were washed, incubated with rHA, and detected with an anti-H5 antibody. Binding was determined by calculating the relative change (n-fold) of rHA binding over wells coated with BSA. rHA bound to EB peptide in a dose-dependent manner with saturation achieved at the 20 M EB concentration (about ninefold over background) (Fig.  5A) . Limited binding to HA was detected with the EBX peptide. In addition, competition with 1:1 molar soluble EB decreased HA binding by 50% (Fig. 5B) . These data suggest that influenza virus HA binds to EB in a specific and saturable manner.
DISCUSSION
We have identified a novel peptide inhibitor with broadspectrum antiviral activity against influenza viruses at low micromolar concentrations. The EB peptide demonstrated low , with a therapeutic index of at least 22. Pretreatment with EB provided 100% protection against numerous subtypes including the highly pathogenic H5N1 viruses in vivo and in vitro, demonstrating its broad-spectrum activity. Protection was supported by a decrease in viral titers in the lungs of infected animals. Although postinfection treatment with peptide was not as effective as pretreatment, it should be noted that the EB peptide was given only once per day in these studies and was as effective as rimantadine in protecting mice from H5N1 infection. Additional studies are under way to further define the dose and treatment schedules required for optimum protection and to determine if peptide treatment inhibits transmission to naïve animals. The use of EB in combination with rimantadine and NAIs is also being examined. These results suggest that EB or modified versions of EB may have potential as a broad-spectrum influenza virus therapy. The antiviral activity was specific to EB and not a general property of cell-penetrating peptides. Peptides derived from the HIV Tat protein had no effect on viral replication. We also observed a lack of antiviral activity with the scrambled control peptide EBX compared to EB, suggesting that EB's antiviral activity may be sequence specific and not simply an interaction based upon charge or hydrophobic interactions. Studies are currently under way to determine if a minimal peptide sequence exists and to identify the critical residues required for the anti-influenza activity by preparing an EB library with site-directed residue changes as well as a deletion series. In this screen, we may identify a peptide of shorter length that is as effective or more effective, further shedding light on a structure-based interaction with HA.
The antiviral activity of the EB peptide is not unique to influenza virus. What is intriguing is that the EB peptide appears to act by distinct mechanisms depending on the virus. With HSV-1, EB irreversibly inactivates virions, prevents entry at a postattachment site (6) , and induces a resistance to infection in cells treated with peptide (H. Bultmann and C. Brandt, unpublished data). The EB peptide did not interfere with HSV-1 attachment to cells, in contrast to our data with influenza virus, and in fact enhanced binding at concentrations between 10 and 50 M due to aggregation (5, 6) . Further support for a specific interaction between EB and influenza comes from the observation that the EB peptide showed no antiviral activity against HIV, human astrovirus (data not shown), or adenovirus type VI (unpublished data). Our studies demonstrated that EB inhibits influenza virus attachment to cells, leading to decreased viral replication. Although entry was affected, this occurred only at peptide concentrations three times higher than the in vitro IC 50 values; thus, the primary antiviral mechanism is through inhibiting viral attachment.
One question under ongoing investigation is the mechanism whereby the EB peptide inhibits viral attachment. Our studies demonstrated that the EB peptide specifically bound to the viral HA protein. The sharp increase in antiviral activity (range of approximately 5 to 30 M) suggests that there may be cooperative binding of the EB peptide to HA similar to the binding events described for the O 2 binding hemoglobin proteins (28) . This initial binding between EB and HA could be of weak affinity, with increasing affinity as more EB binds. The binding of EB to HA could lead to a conformation change in HA, decreasing the affinity for sialic acids on the cell surface. Another possibility is that EB interacts at or near the receptor binding pocket of the HA 1 subunit, blocking the pocket or causing steric hindrance during receptor docking. Glycans present on HA 1 could serve as sites of EB binding, and the variability of glycosylation patterns among HA subtypes could account for the differing IC 50 values noted among the viruses tested in this study. The effect of glycosylation on the antiviral activity of EB is currently being examined. As a final possibility, the EB peptide could induce aggregation of the influenza virion, resulting in decreased binding to cells. Exploring these possibilities, in addition to the isolation and characterization of a peptide-resistant mutant, will further our understanding of the mechanism of EB anti-influenza activity.
The use of peptides such as defensins (14, 16) to inhibit bacterial infection have been widely described (reviewed in references 7, 9, and 29). More recent work has demonstrated the usefulness of peptides against numerous viral infections including respiratory syncytial virus (25) , HIV (21), influenza virus (3), and general broad-spectrum antiviral activity (13) . The demonstration of clinical antiviral efficacy by the HIV fusion inhibitor enfuvirtide (T-20) shows that synthetic peptides can be developed into effective antiviral drugs (21) . The EB peptide exhibits a low therapeutic index and in vivo efficacy, suggesting its candidacy for structure-based drug design. In the near future, the EB peptide could be developed as a successful inhibitor of virus binding for use in the study of replication of influenza viruses.
In summary, we have identified a novel peptide with broadspectrum inhibitory activity against influenza virus. Of great interest, the peptide inhibits the infection of the H5N1 viruses associated with increasing numbers of human deaths throughout Southeast Asia. EB inhibits viral attachment to cells, most likely by binding to HA. As we continue to cope with yearly influenza epidemics and the H5N1 viruses continue to spread, understanding how the viruses interact with cells and developing tools to block this earliest step in viral infection are of enormous public health importance. The EB peptide has potential as a valuable tool for the study of influenza viruses and their receptor-binding interactions, as well as therapeutic possibilities.
